The Nambu-Gorkov generalized Hartree-Fock theory of superconductivity is further generalized to treat simultaneously two kinds of correlations: the correlations that lead to superconductivity, as well as the correlations that produce the pseudogap in the normal state. The treatment of these simultaneous double correlations is done by enlarging the dimension of the propagator and self-energy matrices, from two to four. The off-diagonal selfenergies and the DOS are calculated. The results are compatible with tunneling and PES experiments.
INTRODUCTION
Recently, I have analyzed the pseudogaps of HTSC [1] , by means of a matrix propagator that is analogous to the one used by Nambu and Gorkov for the analysis of conventional superconductivity [2, 3] . The logic for the choice of this analytical tool is based on the common feature of the two problems. This common feature is electron correlations that lead to phase transition in the superconductive case, and to quasi-phase transition in the normal state of HTSC. In regular superconductivity, Cooper pairs of zero momentum are coherently scattered from state (k ↑, −k ↓) into state (k ↑, −k ↓), whereas in HTSC in the normal state, electron-hole pairs of twice the Fermi momentum are coherently scattered
where k ⊥ is the k component normal to the nesting surface, denotes the state which annihilation produced the hole). In superconductivity, the common zero momentum for all Cooper pairs enables maximum amount of coherent scatterings, whereas in HTSC, the coherent scattering is also maximized because of the common momentum of all the electron-hole pairs, which is (k ⊥ /|k⊥|) · 2k F . This maximization is possible because of the large amount of nesting that is believed to exist in HTSC. In a former paper, Dayan has shown that this nesting causes the divergence of the static electron polarization at k = 2k F [4] . Usually, this kind of irregularity breaks the symmetry of the electron states, and changes them into some condensed states. It has been shown that only in the insolating "mother" materials of HTSC the symmetry-breaking is complete and permanent, whereas in metallic HTSC it is fluctuating [1] . Nevertheless, these fluctuating quasicondensed states exist, and have profound effects on the properties of HTSC, both in the normal and in the superconductive states. Besides the above correlations, HTSC have correlated Cooper-pairs in the superconductive state. The question is: could these two different kinds of correlations co-exist and if so how could they be treated by the Nambu-Gorkov theory?
The overwhelming experimental evidence suggests that the two kinds of correlations co-exist. Several angle resolved PES experiments indicate clearly the existence of an energy gap in the superconductive state, which becomes a pseudogap in the normal state, instead of disappearing completely at the superconductive transition [5] [6] [7] [8] . Tunneling experiments on under-doped samples exhibit energy gaps, at low temperatures, which are far too large to be associated solely to superconductivity [9] [10] [11] ; they are the (vector) sums of superconductive gaps and normal state pseudogaps.
Dayan
The correlations of Cooper-pairs are essentially different from the el-hole correlations that are described in Ref. [1] . Such an essential difference is that the superconductive ground state is not the eigenstate of the number operator [3] , whereas the ground state of the correlated el-hole system in Ref.
[1] is. This essential difference is reflected in the different characteristics of the two systems. This suggests that the Gorkov-Nambu matrix propagator, with only one anomalous (of-diagonal) propagator, is not sufficient to treat the existing problem which has to incorporate two different kinds of symmetry breakings. One has to enarge the matrix dimension at least by unity. The possible use of three-dimensional matrices, has not been studied in the present paper, instead, the matrix dimension is increased by two, from two to four. We find this to be more convenient because of the inversion symmetry of the Brillouin zone.
THE FIELD OPERATOR, THE PROPAGATOR, AND THE HAMILTONIAN
The components of the field operator in Ref. [1] are c k,s and c¯k ,s . If one wants to include superconductivity, one had to add the Cooper pair matches of the above components in accordance with the GorkovNambu scheme [2, 3] . Thus, we define the field operator as , and its conjugate as
